Searching' PA J ' 1/2 ^— V 

PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 2001-082644 
(43)Date of publication of application : 30.03.2001 



(51)Int.CI. 




F16L 15/00 




(21 Application number : 


11-264181 


(71)Applicant : 


suNirroMo metal ind ltd 


(22)Date of filing : 


17.09.1999 


(72)Inventor : 


MAEDA ATSUSHI 



(54) MANUFACTURE OF SCREW JOINT FOR OIL WELL PIPE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a screw 
joint having bearing force of the same degree or more as 
that of a pipe main body against several external force 
by deciding each parts size following with a design order. 

SOLUTION: A screw joint for an oil well pipe is designed 
following with a design order of the screw joint showed 
in a Figure. This designed screw joint for the oil well pipe 
bears with tensile force of the axial direction by a self 
weight of a connected pipe, inside pressure by an inside 
fluid, or outside pressure by an outside fluid, and is used 
repeatedly. The screw joint can be easily manufactured 
by persons skilled in the art, which having sufficient 
bearing force against twist force and compression force 
loaded on a pipe in a development process of a well and 
in an operation of the well, and bearing force of the 
same degree or more as that of a pipe main body against 
several external force, having several characteristics of 
bearing force against inside and outside pressure seal 
even if the load is applied repeatedly. 
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#-T-5*>;/i*X8Bt. 

<z>& b mi t as tc a err* * * )v ^-jvmwtj&m 

©4ab*&ba$t, WfB^^^XgBlCiS^^tlTmrfieh^ 
TBS 1 ISA^ STE» 5XgST$fT5Ci:C«tO, 

»(t) ica-^wr, bue^fff) sftjrra^t. 

(L) £{£&5£U 

ftj£bfcffilB«^g(OD);l3J:tfi»8EflffcJ»(t) £. 
£bfeiWB^3>«"£rfebfi£(L) £, iKftJifbfc tf >gB 
U y^nS(DB) t^StJliT, taUT— /^(Tt)*3j;UC*!l 
ga^i*-&4ai;«$(L) *{Kft3tT-5d<i:. 30 

^T. WEtr>«OUyyrtg(D2)*ft^U, ft£bfc 
©rt&(Dl)£ifctU 

J?(lt)*5«kO:tf>gB'J -y^n^(DB)[CSO*^T, fcf >gB 

U yyfl.g©B)«:fi8l«e-r*> title. 'Jy^fiSO) 40 
. fcf>S$->-;kg2(Sp). ju-tWUTs) , ->a;u 
^-^K ((9, ) fe.tlWttaE'Jy^JStfcOD Pffcf 
>1.2 i&-5«k5KHKftJ*£b. iWIEHRf tj»8Be>» 
CD'J 2/^g(D2)t(C«^^T, yy^fttEO) , t?> 

(6>, ) 4$«ty:ffliiauyyjpjta) *^^t-5tf>'jy^ 

&^bfcg?fcf>U 7^tti:lo'^T, (i) fc? >gg->- 
;U5feS8 R (R, ) £ b . fc? >gB JI/5tSS R (R, ) (CS 
:?tATtf ^Xg^>-;P$fcSsSR(R s )£&5tU (ii) fcT 50 
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>«->-;H»R(R,)S*«L, (iii) 'J vT/aasSSBSCPa 
pex) £&£U RUyT/»5fc«M$(Papex) teK^T 
#y^^«->— ;i/3fejaft(Bapex) £&5tU (iv) tf> 

B5tai;«j»)tti;8&^;p«ftflE (0, ) *s«fct*fcr>8&i*3 
®»jj«ftflr (6>, ) £j*?eu (iv) wfetf>^©'j-7 

7"J¥(lt)*3 e t^tf>g|5U y^gCDB)**«LT. K'J 
>yyP(lt)43«tZ>*tf>gB'J ^y^S(DB)t'S-t?^T. # 

-/1(Tt)*5«ktfKH5^£ | ft^ ; tei;fi3(L) Sft^L. M 

4a Cf- n (TO * JilflWE^t'ft-fai;** tt) ('So* 

HT. X SB t?-.y^g&S (LB t) *ft£U (v)jP 

^T. *ab«-&iS$(h) £&5tu K*ab«-&i§5£(h) 

ffiB(LPt) £&5£U (ii) *ab^R$»(It)££j«£U 
( i i i ) # .y 2 X gP > a )V ? m £ (LB) *5 i t//J* y ? X SB -> 

a (iRes) u * x«-> 3 

(LB) 2 Xg|5-> 3 (IRes) !;J^l>T# 

*5Ig: D- KI^I (a) . X^^S^S (/3) , 
X^t:>^M£P,5] (6) *J:WaUilJlH»HlM (r) * 

awrr-scit. 

«K*sifei;s#-r*tf>a r }t. &D^tw«*a£)£#© 
t— /i^ai;*^fiKD. i»aBttftii;«tc*-&-r*ittti;* 

LgBt. WBE^y^xgBCRtte.nTS9iB^^;u->— ;u 
gB^figffl ofau* baste aiti> ^ ^;L->-;p^fi£ffl 

<Dtau«iuaBticj;o«j5gsn^^^;u->-;i/a5t, 
i3iafcr>gBswr<5/w7'©w^s(0D)*5j;ix§f*i r p 

(t) £i*£U 

ft«bfc*^g(0D)^J:«flf^»(t) teSo'^T. HfTlB 
fcf>6B£«iB#y*X«t©^±«te*ai;ftS<L) Off 

W^fS6H^So*^TWiB^±Bg-&febS$(L) *<K»jg 
b. 

i*^ b fc m (od) *s j; umfflgmw- ( t ) icso*^ 

TMIBtf>^©'J y yf*3S(D2)*^b, ft^bfcMIB 
tf ymv> U y y^S(D2) tC*t?^T WIB# v V XggWF^ 
S(Dl)<Sr^b, 



ICSO'^T. «JE£>«©>J (lD&cfctftf >g&'J 

•y -fftW. (DB) bT. ifefc b fclWE@*1-g (OD) *3 

fc£ b (OD) £ . b fc ME tf >8B©lM[E u 

ht. taU5 L -/ , ?(Tt)j3«j;^Hiiffi^±ni-&*3ii;s$a) 

<KftS b fcME tf >S5» ij v zrm ( 1 t) *5«fc tf fiE tf >gs 

©waEUyy^«(DB)»castJv»T. uy^sso) » tf 
m (e, ) *3«ttfmrfeu -yy/Pit(x) n»f>i.2 
fiftjsi/fc'jy^fiso) . tf>«->-;i<fiS(Sp), -> 

-JUt— /KTs). -> 3 (0. ) &<fctf 'J -y^ 

JSJfcOO iC^O'^T, tf>U y^tt^ifc^bT. tf> 

BH'Mft& (0. > £iferr* MEtf>gBco 

U U y:/a8fc«|g(Papex) . K>»S^-;HB 

R (R, ) 43 J; tf tf >g&->-;|/$fc«SgR (R 2 ) b, 

8we b /t?WE tf >g&© vyzfmoo * «t tf me tf >gg u 

•>^S(DB)lcS^ViT. *> f 5 i -/^(Tt)*J«ktf^« 

fT^S(DA)*^b. n-FBA* (a) . 

(/3), X^tf>^®^ (6) *J<ttf^abLiJ 
MSNRH (r) *ftj£U ^bfcW^g(0D)i5 e ttfW 
«J»(t) icao't^Ttabtf-yfKP) SftjgU fcf>g&-> 
(Sp)*5J:tf tf >&&W^m\z£-3\,*T#y ?X 
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gB->-;Ufi$(S B ) £8H£U 8Mtbfctffl.ft(0D). ff 
(SUPO) *5<J;tf^bl«-&i^$(h) <fcO tfy6Fg(Dp)£:j& 
5£U iRyi'XWMKl) *5=ttf tf>SBtf -;/5F-gft«(L 
Pt) SfcJtU &3£bfctfy^g(Dp)t::gO*^T*abT 

U #<y^XgB->3;uyS$(IRes)<&^b. ftSbfc 
# y ^ x^-> 3 JP^SS (IRes) £ # •> ? 3 ;i^88 
$ (LB) £ (cSoVTtf ? XgB^fi (NL) 5S£ 
Pfi£*ab:S2(L) *>«fctftf>gB->-;i<U y^*S(l) tC 

ftSlfc'J y :/gB5teSgg(Papex) lc«o*^T^y ^Xg|5 
iy-)V9tM% (Bapex) * b . fcfe bfc tf >g&->-;U 
fc*R (R, ) «k D "6>/hS < & <& «fc 3 y * 7>Ws—JWt 
S&R (R, ) £#»rf * H t \z «k 0 ftW-tteSftSf * C £ 

^*abSS(L) ©ttgttffltt, {«MJ»(t)/vnS(0 

D)} #0.096 £U:tf)«^i;:te3KU:. {flfrtff(t)/«n 
20 g(0D)} #0.084 tt±0i^l:(i4Ki, {tff*3JP(t)/ 
tffl-g(OD)} #0.052 «±0«-&tC«5«±. 
(D/flfnSWD)} #0.052 *i»©^£i~«5UUiT$>-3 

T. MEfcf>8&©'J y^rtS(D2)^«F*g^(lD)<hbT^ 

[it*^4] taEtf>apcD'jy^j¥(it)tt, tib(i) 
[ftl] 



lt=X • (t/OD) • D2/ {1-2 • X(t/0O)} 



(1) 



(2) ^:tcj;o*J6?.n-5ii^i*^w^4^-eovi 

DB=D2+ 21t 

[ai*^6] MSB*abiifi^iS$(h) tt, 
g(0Dh gL<(i, /1-f yc9^g(0D)*5«ttf^^I^ 
(t) lca-^T12££n&§i;^gl#e.W^5£T-tf) 

1/Tt = (00-0B-2C-2h-2 e )/L 

y«7c{4@ iz * s ^ t * t <r> * 

L = (0D-DB-2C-2h-2 « ) • Tt 
[li*JS9] AftlBHftftt. TIB (5) S:icJ:0*es6e> 

n«.iffl*3S 1 *> 8 ST©^-rn# 1 wctB® $ 



[&2] 

(2) 

[tt*)R7] BUlBfeb^-/1(Tt)tt. TIB(3) 55:iiJ; 

[*3] 



(3) 



40 



[i«*^8] S9E^*^fcii;*sa) «, TE(4) 
[SC4] 

(4) 

[|!C5] 



f = -3-26 X10 -1 +3.19 X10 -2 (»i ) +1.43X10°(X) -4.67X10" 
+8.39X10- 2 (Sp) -6.22X10- 1 (Ts) .... 



tzfcL, 5° ^20° , 0.52=^X^0.75, 6 == 1 

30, 3^Sp==10, 1 ^Ts==16T$>^)c 



Csf*^l 0] mfHBPapex \* y TIB (6) 



50 E>n^>lf^JS 1 ^bl**3S9 ST^I/iW 1 JIC 



Pi » 



t • 



( 4 ) 



Papex =DB-Sp/Ts 

[W^JSll] flfltBtf>BBv'— JURCR, )«, TfB(7) 

sc sfc tt (r ) it c«t o *«> s n* i * s i 
Kto&ffi. fc£u (7) sc«tr>uyyas©'>-;u«Et 

r 1 

RiSl.O/tan 

L 2 
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(6) 



»7] 



tan 



(l/ZTs) ] 



(7) 



R±>1.0/tan [— — {tan "Hl/ZTs) -tan ^(l/ZT d )}]•••• (T) 



J:0^ae>sn3I#*>Bi^'=.lf;£JSi l STOi^-fti^ 

_ , r ytan(a) -i 

0 <tan - 1 

L Stan(a) - y J 



1 3SKaE*snfc«i#«fflfaD«^osiifi*j5fe. 



(8) 



fc/cU 5>a>-20°C. r rffift'hSVMl. 25° </3 
<45° , 6 : 3Xh*J:«tt(E*#iL. 

«(0D). eu<ti. /^-r y©«na(0D)is«kvew» 
(t) ica-dfv^Tis^^nsw*^ i a* gifcftg 1 2 $t 



S 9 >Is • Ts + Sp-I-R* • tan 
1 f 1 



S B >S p CO^^tC^, S B >S p +2.0 T'SoT, ^ 

20 t?Ti2(9) sfc«k?)3jc«>sn, s B ^ Sp om^com^ 
\z\t, tib (10) ^ ct 6n^8**3g 1 frzmjftm 1 
3 3--c©v>rn*> 1 ^(cfBm^tifefs^wfflfeu^^ o 





[*9] 








j SO + tan 1 


— 1+0. 




2Ts ' 



cos • tan 



- 1 



• i 



(9) 



[RIO] 



Ps-cos 



tan 



r 1 



+ tan 



- 1 



- 1 



2T 



2Ts 



Rt • tan 



+fi 4 • tan 



90-1/2 



180 -tan 



- 1 



90-1/2 



90 - tan 



- 1 



1 2Ts 



1 



2Ts 



4- e 5 



> S B ^Is • Ts + cos 



f 1 



tan 



- 1 



1 2Ts 



• (fi 2 • tan 



tan 



- 1 



2Ts 



- e , 



+fi 4 • tan 



90-1/2 



90 f 



90 - 1/2 



(10) 





, 1 




90 -tan 




4- 9 , 




^ 2Ts' 





-J!/BBAPAffi£*T- 50 



. 'I ' , 



( 5 ) 



[&1 1] 

Dp=(0O + e) - h 

[Hf*3S16] y^XgBfl-gW tt. 

mm (a.c) t5vw^ws« (Ap C ) ©Rff^wtij^ 
1 5 sT©^-rn^ i m\zum-zntzm#mmticm^ 
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(11) 



«(i3)sctcj; vx&znzmxm 1 i 6 si? 

mi 2] 



it = 



13] 



It = 



S y -La 2 - Q^/La 2 *^ 2 /!!) 2 ) 
E« dp 



2 5 y -La 2 • dp • (l-kP/La 2 ^ 2 /^ 2 ) 



(12) 



E • (D 2 *dp 2 ) 



(13) 



^Etti®^Wsf©^>^$5(kgf/miii') «F#Dtt 
X-yfT.ft&iwti&mls. flF-5§d tttf>l*gg(mm) £^ 
L, ^dp«*aUcDtf->^nitS(mm)^^b, ft^Ha' 
tt(dp' -d') £ £ iCflF-^Lb 2 tt (D ! -dp 2 )^^ 20 



[fltsRJS 1 8 ] mffFi^^Xgl^a^SS^LBtt. T 
IB(14)^lC«t0**e»n^)W^l^e,ii*^l 7 St? 

[&1 4] 



LB=1+L + (h + C) / { (1/tan Bx)- (1/2L: ) ) +2 * (h+2y 



Tt+(h+2y)/ (tan 0<, -1/(2* Tt)} 



(14 



[&1 5] 



[&1 6] 



(16) 



fcfc'u n^e, tt. #y^x^®rt^;kft«£^ 

Tted5)^;ic«i:o**e.n^w*jRi^e.«*5Si 8$ 

Lflt =1+L+ (h+C) / { (1/tan &*)- (1/2T* ) ) - Ot-Tt) 

(15) 



miltm. 2 0 ] Mttt v 9 XB5->-JU$t«SBapex 

tt, Tmi6)&z£QMftznz>m&mifrt>m$<i%i 
9 * t <d ^ -ma* i js ic am £ nfc *a cmm <o 

Bapex =Papex +Is 

[«*S2 1] Wt2tf >SI5tfy5 1 Sfi:eLPt tt. TIB 

(i7)^(cj;05t<se)e)n?)W*3Si^e)ii*3S2 ost® 

LPt = L+1 + (h + C) / { (1/tan 

[0 0 0 1] 

• £fc#a>?tij#. #X 

-r £je ^essst -a rc*©^^ m ©^ bigots 
m^&±<DMi)£^Tztevm ; £c>mmtsimmjjmzm 

[0 0 0 2] 



40 



50 m 



0 2 )- (1/2T* ) ) ♦ • • ♦ (17) 

^■5©tt. API GfcH5ffi1S#gi&) <£>5>7>F*3i 

CiBH^Ahl/XfebiBi^ (WT TAPI m^i 

^m^. &&s \z\tm^nm.m<D : nmtf}mn t z iz 

[0 0 0 3] El 1(a) tt, -?-©10iJibT, m^Z—i 
?X3$21. 21$rJ^O*-y^'J >^20i, ^tl-^n 

©assart; >sbh, usrjtoeio. lot&^-r-s^j-y 
yu >^*s:©?s# i i : ffl*3b^25$7R-r i ff$ft^^tr»f 

1(b) tt*->yj >^20<D^-vi7XgC21c75j£A»Tffi 



II » , 



( 6 ) 

9 

01(c) tteiOOfcf>ffillcol£^:»ra0T» 
[0 0 0 4] IS 1(a) tc^-rip<> fft#etUTOfl(e 

io, iott*yyu>d/20K<to*ai;»i*anT*o. * 

^yU>^20<DMSS^«3p-/i7XBB2K 21^, f lit 
10, 10©5te*lCttfcr>«Bll, ll**lB:ttS*lT^S. 
[0 0 0 5] 01(b) \Z^^o\Z, tfy{77>mi<Dft 

^-r^fc e>a8iio^HJcttatfai;i2*^jKsn 

Tl/^o 10 
[0 0 0 6] ZOmolZ. Xy7V>iftt<Dt2Vm^ 

*^yu>y20ort«^KWjttt*aC22S^r-r*# 
y^x«2it*s^lcfai;atrJit»cJ:oT, 2^>co« 

io, io*»«-r*. 

[0 0 0 7] ±a*LfcJ:3K:, WOOgSdJ; 

*fcJt*atUl2*J;EWtfai;223^6i8«tai;K*o 
tf>, HI Kb) SitfHKc) Iz^n^n^Ttkolz, # 

y^x«2ifij:txtr>a5ii-tn-€ ? nK:, *^;i/>— ;p« 
13, 23^h;p^v 3 ;uyggi4, 24*tt>tc:«^stai;j|» 

[0008] *^;i/~>-;uffii3, 2314, Wioofe^fto 

^^^ffl2i<Dy^;i/->— ;i/ffi23©rtgio*T»o (c 

£>M£ r^F#gj fc^i. ) , K>«ll**y^^»21 

3, 23CD^MBlCBffi^fg£U ^OWEfciBftflFfc: 30 

[0009] — h;i/^v 3 ;i/ygBi4, 24*4. tr>«B 
n^cfc^^^x^2ioei(DgB»*Sv^c®^tc*J!9b 

[ooio] ;i/§Ei3, 23o*^&-rta 

-;i/»13, 23i:|^^(7)^fi*WrS I bO)0^<$>0, 
2, 22©T**t>ft±««CttRSn» *yir^«21Kii 

[ooii] cicofc*, mi (a) -0Kc) tc^t-aau 

*5, h;U^^> 3 ;Uya5l4, 24<7)SitBtC**-r*«»ftaE 
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[0 0 12] 

ass tt<to *ow«»ai^#Fai*fe«fl: 
nttt)i:, -*Tf4fft#^^x#(DM«a« s bajs 

U ifi¥T»4TE0)^©©i3&aiBAK*^i|l*k:* 

[0013] 0)»«anfc*©amfcj:*«D&wo9i3i 

6&x.£*l£>££: 

®#pOH*a8»SV^4#FO«3H+K, «Kl|M»a 

[0 0 14] c©«k5»S*:^5fe», fi£*ck0, 
01(a) -01(c) Jc*Ttti;i«^25<Z)»jiettJB*BS:» 

10-193119-^^jf^bfeo 
[0 0 15] Z<Dt&mt. TI2431S K) - (n) , 

eb<tt (>f) - (a) feiac (*) ^js-r^^tc 

*^T^S*aii;j|K^*a#fcT€r, ^ntCcfctK Vom Mises 
OfflaiS^ffiRT*$nfertm<hW^(^^®^<hAPI5C3 

©fft 3 9 y x <dt£ $ n itftm t m ^ <a £® « « S 

[0 0 16] M) ^aU:^^affi^^>^^^-20 o £jU 

0° *S| % »AH7 5>^ft3W25 0 £SA.45° «TT\ 

[0 0 17] (D) ffiBBfcUT#*£LTTK(18)$&»4 
(19)S:SrfflV^Tt3tCSB^S^^ViT#ttSbfcfifi<7)'5^. 
ftfe/hSViffl[0 2«*-e-C!)±IB«tU, fe±Pfifi^5% 

[0 0 18] 
[*1 8] 



« « 1 



11 

»19] 

6 2 =■ 



( 7 ) 



cry ; La 2 - (l^/U 2 ^ 2 /!^ 2 ) 
E * dp 



2 ■ cry -La 2 • dp • (l+d 2 /!^ 2 ^ 2 /!^ 2 ) 
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(18) 



E • (D 2 *dp 2 ) 



(19) 



(mm) , oy : Wk^tt 



D : tfyZTsftm 10 



dp : taUcotf^y^ 1 



Lb 2 



(D 2 - dp 2 ) 



[0 0 19] d dT, 

^O^^Ocgf/mm 2 ) 
E : «^«^c^ir>^(kgf/mm 2 ) 
(mm) 

d : fcf>F*3g(mmh 
RiSS(mm) 
La 2 : (dp 2 -d 2 ) 

[0020] (a) e>«B<Dtfttai;t#!y^xfficDiiittai; 

(a) 3te£JLh : tfl*JW**51«Jta« 0. 096£U:<&<!:*> 

(b) 4fg£JLh: * 0.084JBU:* 0.096 * 

(c) 5te«± : JbE(a) . (b) fi^Oi*, 
T&^di:, fc#U VMJ*#«nSJtO. 052 J^T^t) 

[0021] (-) h;i/i7->3;i/yaKo-> 3 ;i/yft«* 

0 : 5-20° tb, fr~2zs— )IV y7M<DV 

7tmZ (1 1) (Wt) t ©PflOTEST^l/fc U y 

yjpttoo ^o.52«±i:'r^)o 

[0 0 2 2] (lt/DB)/(Wt/0D) ^0.52 
:CT> DB : U >y 7gB^«7C<^^S 0D : 

flU Wt/OD d^hS<B.owtd^»W©«-&, fSxx- 

[0 0 2 3] (*) tf>«*«C!)tai;«6L,«, 45«klM*y 
$ : We (mm) : : S (mm), ~>— /I : Ts, 

~>3)i¥ftm: e{ ° ) , u^y/Ptk(x) 

|2cD|6H{ca&0> fr~z>z.nm\zl:Z>-* #.g>m&-C$>Z>M 

Rf*«f>i.2 ^^st^o 

[0 0 2 4] 

6 mm^ We (mm) ^3 Omm, 3 mm^ S (mm) ^ 1 0mm 
l/16^Ts^l, 0° ^6 (° ) ^20° , 0.25^X^ 
0.75 

f =-3.26X10- 1 +3. 19X10" 2 (1/°) X0 (° )+1.4 
3XX-4. 67X10" 4 (1/mm) X We (mm) +8. 39X10" 2 (1/mm) 
x S (mm) -6. 22 X 10" 1 XTs 



20 



30 



40 



50 



*ffllHA**«FK¥l0-193119^JCjt:O»3BUfc«WK<t 

[0 0 2 5] ZCfc, *»WOBfl9»4, »#«JB<Mai; 

[0 0 2 6] #S893<DBWtt* #S¥10-193119 

^fcckOa^Lfctai;*^ ^#69^tt» (i) 3l»;*r*> 

) \Z~D^T, rtBES*WUTtt, Von Mises 

LTttAPI5C3^TS^cDAPI ZF^^XiE (tt^?#JS)100 
^fcteVon Mises fg^Jfc^lOO %co*f PKDft&W 

^0(ii)Von Mises ffl^Jft^lOO %COfflR^5 
[0 0 2 7] 

»ft-r^fc*{C, 1£K¥lO-l93ll9*k:<fcOffi£L£fc 
#*<*«¥l0-193119#^J:O»36bfciai;j||l*«r«a 

[0028] ::ic, «a?-rsBi2^"r«t 

f&motecmis&t* mttyi7 7smzwt»*>nTmtz 
* ? )ii/-)isffiMf&m<DtecmLmzmmT% 
-)i>&Mi&m<Dtevmv&t\z&Qffi&2fttt**)\'i' 



, .1 . i 
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Ttfiis b)\/t7z/3 jvy&mtiim o*a u « l as t a » -r « 
f-sfc^Lx. mE£>8£*r?«/vr :/o*^®(od) 

*MV(t) IC»-^T, WEi;>*iWEjJ?y^Z«t 

twtiuftsa) sfiRSb. iEe>»«!)'j7^rt io 

«(D2)*BHtU »3eUfcmEK>»©'J >y^F*iffi(DZ) 
tca^TME#y^XgPCDrtffi(Dl)$j*3tL-, 'J yZ? 

V>T. WElf>»OU y7J*(lt)«J:mMB#y jrXflB 
<Z>*1-g(DB)£<£*5tLT\ fcUfl^jSSOi) *<R»3e 
U *j£L.&ff*S(0D)i. {KftJEUfcifflE#3/*Xffi 
©^g (DB) 43 <£ UMB^tf'&fa U* S (D t \zm-3\,> 
T. taUr— /X(Tt)*J:tfmE^«-&taU*S(L) £ 

mrE*y?XgB©fl-g(DBH£So*^T, 'J X"fi£ (1) 20 
. fcf>gBv-;i/fi£(Sph 5/— JUt— (Ts) , ->g;U 

>1.2 £/3:&J:5fC<Kft5tU <Kife£l,;fc'Jy:/fiS 

(i) . tf>SB->-;kg£(Sp), /i (Ts) , ->a 

ji^-ase (<?, ) *«fccx>jyyffjtao \zs^x, 

(0, ) fcJ;tffcf>gBF*gffiB'Jfi$£i3? (<9, ) $ 
®:fe-tz>£th\z, B9Etr>aPOUy^(lt)^«tCJCH3 
EK>»Uy^S(DB)*ft«L. SSlC. Vy-Ttoft 
fflg(Papex) , fc^SBS'— JI/Wr815R(R.)*5<fcl*tf>BB 30 
->-JI/5fe^R (R, ) U ft^tfciE fcf U 

( 1 1 ) * «t IXKTE fcT > « U y y «7C^a (DB) K » ^ 
T» ^yf- /X(Tt)*«t^^*^4ai;*Stt) 

P-HSftSE (a) . X^^M^ft (0) , X*tr>£f 
BRM (5) *J:tffei;LiilI8HtM (r) *»3tU, ta 

->-;HftS(S. ) tf-j/5f^(Dp)£8«tU 
•y^XS5^S(W) £«fctf fcf^tfy^gfeBaPt) ££fe 
£U i*^Ufctfy^g(Dp)(rS^^Ttai;^S(it) 40 

SSWfeU Xg^> 3 ;uyi3!3(LB)£&€U 
bfcffna(OD)i«rt*(t) icSo'^Ttf-y^XgBv-s 
(IRes) £&5g U Lifc# y XgR-> 3 JU^ 
fiS(IRes)£->3;i^flIS(LB) \Z&-3^Ttfv97>ffl£ 
g(NL)£ifctU *-j/?Xg|$tf-;/5^4B(LBt)Sr&5£ 

<AT# ^ Xgj$->-JUftfflg(Bapex) ZVife U ft« L 
rc^-yi7XgB->-;P5fe)ffiS(Bapex) Kg-^T. gt^L, 
tf >«5->-;i/$teSB R (R t ) «t 0 fc /Jn S < & -S J: 5 tC y 
^^»^-;Pife«|R(R,)Sft)er*Jlifc:J:oT. 50 
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[0 0 2 9] Sfc. *^BJ«. »J©«j&rt»&tt. 

-/X4aU]^&AO. iffiE*fei;«K:*£-r*l§tai;sw 

f ^^-y^xgst. s9Efcr>ascKW6nfc^5';i/->- 

T Mb 3 * ^ )V ;HBJBf£flJ ©fc U b ffi lc £ i£T <5 * 
^ ^ -> - ;i/ g& ^ fig m <D to C M L> SB i C J; 0 $ n Ac * 

v-3^ya5^figffl©4ab*SL-^i, «JE#y^xa5KK 

ttsnTsaEh^^a^yasjBjafflooutiuaica 
«-r-s> h;u^->3^y^fi£ffl©feu;«Lfi««i:icio^ 

Zmm?Z>iZ&LT. TESlIg^6TEJ85IgS 

[0030] niiA : wEtr>»**r*/ , «-f y© 

«H@(0D)43j;y:*^lJ?(t) ft^L&flfnS 
(0D)*«tt;«»#(t) tC*0*^T, feDtf-y^(P) 

[0 0 3 1] I2ISB : *Sbfe«^g(0D)i5«tD:W 

ft^^fatftSa) Olf*ttHfc*"^VsT«IE^ 
«^i;S3(L) ^SU^HflEW^S(OD) 

*J:tfj»E«W*(t) t, KftSbfcUE^t&tii; 
fiS(L) t, ^^bfefcr>gPU-vy^S(DB)i{cS^ 
^T. feU^-/t(Tt)*«k^WB2^llt-&fei;«S(L) 

[0 0 3 2] m3XigC : LfcWfl-gCOD)* 
^l^(t) tcStJ^T. MEtf>ai5WU •^X'rtS(D2)^9i 

je u, b&iWE tr >s$<d u s» y^a(D2) tcacJ^x 

Mf2^i7Xg|$©ftg(Dl)££l«£U ^SL,itW^(0 
D)fc«fcDCW^Ii5(t) K:*t?V»T. 'J-yyPit(X) 

SOU -yyj?(lt)*5J:U:tf>gpij -y^S(DB)?-^^ 
IT. {KSt^LfcMEfcr>gB0D l J^yj^(lt)*5«trKtf> 
B6'J -yy^S(DB)lcSo'ViT, tf >H5U -yyng(DB)$ 

$(Sp). A(Ts). ->3jpy-^g (6», ) * 

«t^MEUu/y»it(X) ^. Mftf>l.2 tftS«t5fc 

tclSoVT, 'j-^yg^(i) . tf>ai$->-;kfi£(Sp). 

->-JPr— a° (Ts) . ~>3)iy-&m (0, ) *3J;1>*hiIE 

u^tf>u >>yjg«(c*o*^T> (i)tf>ge->-;u5t 

«R(R,)*i*^L. fetf >g?->-;i/5t)ffiR(R,)^S^i 
TJpy^X«B->— ;^jaR(R,)tifeSU. (ii) tf>ee 



4 «' ' . 
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->-;p»R(R,)Si*j£U (iii)'J y ^gB5fe«S(Papex) 
SftJfcU «'Jyya*SHg(Papex) KSt^Ttfry 
^X^->-;UftSS(Bapex) &8«£U (iv) lf>g&*a 

(0, ) Sftjeu (iv) wiBfcr>aRog y yip 

JH(lt)43j:tKtf>gB»J y^S(DB)K:*^T. 
X«tai;¥fTgCS(DA)^^t^itt>i:. 1^-/1 
(Tt)£±tfinE^£#&4ai;*'s<L) SftJtU Mfeb 
?-/1(Tt):fcJ;tmfB^£itt^taDfi£a) 
T, #-y^7>gCbf-y^gfirg(LBt) S^L. (v)#y 
?XgB->-;kg$(S, ) Sr&jrr-SCli:. 
[0 0 3 3] I4ISD : ft^bfcff^-S W)&£ZfiV 
l*JJ¥(t) tCg-^T, £ (h) ^ifegU Mta 

UPfi^iBSOO IC*:?V>Tfcry?-g<Dp)S*j£U i^bf 
9^fE(Dp)icX^T. (i)sKyi'X8Bfl.ffi(W) *5J:tf 
trXBKy^fiiffiBttPt) £8W£U (ii) feUTSi 
(It)£fcj£U (iii)spy^X«^3;U^»*ttB)*J: 

g&-> a (LB) *5 <fctf# y ^ xgp-> 3 (IRe 

s) k:as^T#y ^^as^fidn.) Sftjrr £ £ t. 

[0 0 3 4] S5IgE : D- h'ffi^g (a) . X^7 
ffi^g (/3) . X*t*> ^MESSRS (<5) fc^WablUM 

gBBsra (r) ^^-r^^t. 

[0 0 3 5] 

[0036] ^mmm^&ttzm&mmtevmmt, 
4*«¥io-i93ii9^K«fcoaasstifctaCitt#, -r&t> 

^xget, (ii) tr>»K»tt6nfc^^;i'^— 

m <Dti U & L SB t \Z <fc 0 tlfz * 5> )V £ . 
(iii) fcr>t»©ftflfcKtt&njfch;i'^:>3Jl^*#j* 
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ffl©fai;*IL«t. y^XlH$ICsgtt£>tlT H;i^->3 

Jl^yS5^ffl©lai;^LBBtca»T^ h;i^->3JUygB 

^fiKffl©taU«gL/8Bi{z<t 9#?<££*i7t h;p^->g;uy 
[0037] *nss^ffiT'«. ^©ttuim^sKw-r* 

tc^U KT^Xt-}/^ (£TF. rsj <ti2T. ) 

l~S291CLfc^o 0 

[0 0 3 8] S 1 ftt, tf>gP*Wr-5/W^©«^S 

[0 0 3 9] S2TI1 »Sgb*:fFn«(OD)*J:WW 
JP(t) tC»0*V>T\ tf>^£#y ^Xg£<h©5§3>i#g-*a 

ast©^*-&tai;*aa) ©roseate. 

{ W J*JJ¥ (D /©?!-& (0D)} #0.096 «±©^-&{C«3J^ 
±. (*AJ*(t)/VnS(0D)} #0.084 «±©«-&tCtt 

4K±, mmmio/wft-mov)} #0.052 «±©*£- 

20 (ZttSgUh. i«W»(t)/ena(0D)} #0.052 *ii$© 
«£C:kl5£U:T&oT, bf>8B©U y7W8<D2)£fF 
rt&(lD)£lyTflt£3n«. 
[0 0 4 0] S3TI1 S 2l£*5^Tifc56L&5££l«'& 

(L) £{K&5rf£. S4T11 fcf>SB©U y7l*]g(D2) 

ci©*^«, Jnx#*i-€-©imi*l*tc<tD 

[0 0 4 1] S5TH S 4lri3^T*^bfc'J 
g(D2)(C*^liT. #y ^XgB©ftg(Dl)£. ijy^rt 
30 S(D2) + a<hbT*se)-So CCt, t3F^a tev— JH 1 ^ 

[0 0 4 2] S 6 Ttt. U -7 yfftfctt) *&ftjrr *. 
S 7T11 S 6K*V»Tfift5tbfc'J y :/J9it(X=t/0 

d) {c»-^t> tr >gp©u yyjs(io*jj:^'j -vygB 

©^S(DB)^^^f ^fctfHCtt, fcf>9$©'J y:/ 
J»(lt)tt. TtB(20)^tCJ;0*©e)n^. 
[0 0 4 3] 

im.2 0] 



lt=X • (t/OD) • D2/ (1 - 2 • X(tA»)} 

[0 0 4 4] tf>»©Uyy^S(DB)tt, Tt2(2 

l)^(CJ:»3*©&n^. 

DB=Dl + 21t 

[0 0 4 6] S8TH taUtt'&MSCh) SriSft^T 
-5,, £©*ai;i#&it5$(h) tt, /Wy©«^g(0D), ^ 

l<h. n-i zr<r>^K%m>$>&j$%$m (t) tcso*^ 
t. jgfttbTKW-^sftetciwe-r*. od^ 

4-1/2" ©^■S-tCtih =1.016 . 4-1/2" <0D^7 
-3/4" ©»-&{C«h =1.575 . 7 -3/4" <0D^14" 
©»-&{C«h =1.982 tmfe-f&o 



(20) 



[0 0 4 5] 
[*2 1] 



(21) 



[0 0 4 7] S9TI1 ft^Ufc«n«(OD)t, ^ft^ 
L fz MI3 e > 'J y y*7tfir«T'* 5 tf >'J y ^S(DB) 
*5«tO:tfHB^l*^taUgS(L) £(C»0'^T. tab5^ 

-mTDSfiiferr*. out— /toroj*, t 
te(22)^(cj;t3*©?)n«)o 

[0 0 4 8] 
50 [*2 2] 
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1/Tt= (0D-DB-2O2h- 2e )/L 
[0 0 4 9] fcffU $mc\Z, >) y 7m7tGLW\Z&ft 

L = (0D-DB^X-2h- 2 € ) • Tt 

[0 0 5 2] Sll&cktf S12Ttt, fgfc^bfc fcf >gB<£> 

g^(Sp)> /KTs), ya^-ftft ((9, ) 

ficktXUTyy/PJttt) W»f>1.2 tfe*ct3«c:iK 
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(22) 

[0 0 5 0] SlOTtt, S£**faU*3<L) Srigj*^ 

[0 0 5 1] 
[*2 3] 

• • • • (23) 

swrrs. ji^wcitt, RRf nTia(24)iCfcj:o** 

10 [0 0 5 3] 
[$C24] 



f = -3.26X10- 1 +3.19X10- 2 ( 
) +8.39X10"* (Sfc>) -6,22 



0l ) +1.43X10° CX) -4.67 XHT 4 (1 
X10" 1 (Ts) (24) 



[0 0 5 4] fcfcU 5° ^0, ^20° , 0.52^X^0. 
75, 6^1^30, 3^Sp^lO, 1^Ts^16T**. 
[0 0 5 5] S13, SH&Jctf SISTtt, S12Ti£ft£ 

LtUy^ssd) . fcf>«s/-;w*a(sp), 
—/ids), s/g^-a* (6/, ) fecktf u ^y/SJt 

(x) nao^x, e>uy^»«*ft)6i/T, tr>8Ma 20 

[0 0 5 6] S16Ttt, S12Ti£ft5ebfc»J 

(i) , ;pftS(Sp), >--;i^-/i(Ts), ->a 

fcf>gpou^y©s(it)t5cfc^tf>eBUu/^ (*tc) ^ 

DA=DB+2d 

[0 0 6 0] fcjEU «F#dtttf>iFfT«i:*y^xa5 

0»JAttd=O.2mm i LTftJtStl*. S19Ttt, P— H 30 

ffi^S (a) . (j3) , X^^>^®»M 

_ r y tan (a) n 

0< tan^ 1 

L 5 tan (a) — y J 



[0 0 5 7] S17Ttt, S16lC^^T*Sbfee>ffi<Z) 

u yy»s(io*i«tf>apu ^^(«tc) ns(DB)tc 

[0 0 5 8] S18Ttt, S16tCfeViTft&Ufctr>ffi<D 

u y :/» 3 ( 1 1 ) 43 ct tr > gB u v (db) tc m~J ^ 

T> #!y^X«fei;Tff«Bffi(DA)**«-r*. 

[0 0 5 9] 
[*2 5] 

(25) 

(6) *«fcatfaUilj]I»|RW (r) **je-T*. Ji#W 
Ictt, x^^aftSE/3ttTBB(26)5S;tc«J: 0*»&ns. 

[0 0 6 1] 
[*2 6] 



(26) 



[0 0 6 2]fcf£U 0>a>-20 < C, r : S#/hSV> 
ffl, 25< j3 <45. 6 : h*5J:^ttffi*#atL, JjPX 
#OT^^teHT*ffi^/h^^iECOfitT : a5^o S20Ttt, 

(P) tt, /Wy©flfttflE<0D), tKH /W^CO^n 
ffi(0D)*3«ktWfffcJP(t) fcStJViTSfttbTRffiStl 
#J*_«, 0Dj9«2 ,, K± 2 -7/8" mm <0»&ttP 
= 8TS0, 2-7/8" «±4-l/2" *tfSOM§'&ttP 
= 6T&0, 4-1/2" £0:8-5/8" *«(0«-&ttP 



S b >Is • Ts + Sp + R, • tan 



40 



= 5T&0> 8-5/8" R±l 4' ' EJtT<0*&tt P = 4T 
[0 0 6 3] S21Ttt> ^^X^>-;kB£(S B ) * 
tt, S B >S p <7)»^^tt, S B >Sp +2.0 T&o 

t, ^^Tts(27)s:(Cct o*s6e>n> s B ^s P <Dm& 

[0 0 6 4] 
[^C2 7] 



90-1/2 90 + tan ' ! 



1 



l - 2Ts 



+ e 







[ 1 1 




cos • 


tan •' 


2Ts ' 





(27) 



[0 0 6 5] 



50 [S2 8] 



• * 



I < 1 



Ps-cos 



+ tan 



- 1 



19 



tan 



1 



- 1 



2T 



( 11 ) 



t 1 * 



2Ts 



Ri • tan 



+ R< • tan 



90-1/2 
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1 



180 -tan 



- 1 



90 - 1/2 



90 - tan 



1 



2Ts 



^ S B ^ Is • Ts + cos 



tan 



- 1 



i 



2Ts J 



tan 



- 1 



i 



2Ts 



-6>, 



+ R( • tan 



90-1/2 



90- Lan 



- 1 



1 



2Ts 



1-0 1 



• (R* • tan [90- 1/2 90 -h 



2Ts 



4 6 



(28) 



[0 0 6 7] S22Ttt, fcfy^ft(Dp>*SHrr*. 20 

Dp=(0O + e ) - h 

[0 0 6 9] fc]KU WMfcttAPI ^2p*T^fflT*D, 
fclAtf, 0D^4-l/2" * T&O, OD 

<Dm&\Z\*Q.Q\G t9 T&3o S23T&, #y^X 

fe&#rM» (A BC ) (Arc) ctDfe 

* (A BC ) fC6feR»Bl:tS*to# 

LPt =L+ 1+ (h + C) / { (1/tan 0*)- (1/2T* ) } 
[0 0 7 1] S25Ttt, tti;T»l(It)Sft«f«. ft 30 [0 0 7 2] 

ttWfctt, *aUT*«ittt, TE(30SC*fc»4(32)Stc [»3U 

5 y • La 2 - (l+^/U^ 2 /!^ 2 ) 



[0 0 6 8] 
2 9] 



(29) 



Kite, tf>SBt!!y^gteSLPt tt, TIS(30)^fCi:O* 

[0 0 7 0] 
[&3 0] 



(30) 



It = 



E- dp 



(3D 



[83 2] 



It= 



2 • 5 y -La 2 -dp Q-K^/La 2 ^ 2 /^ 2 ) 



E - (D 2 +dp 2 ) 



(32) 



[0 0 7 3] fc£U flF^dy tt*f»Btt3Sfle(kgf/m 
m*) Sr^U ^E\tm^m<D^>^m(kg(/mm 2 ) £ 
«U «F#D«#!y^X^S(mm)*^b, «F#dttt> 
g (mm) ft ^ L , IJ-^dpttta ^COtfyfP] ttS (mm) £ 7* 
U ^La 2 te(dp'-d z ) £ Zlzttmb 2 \t 



(D l -dp 2 )£7?rTo S26Tte, #y ^xaS'aJl^jSRS 
40 (LB)S:ft«T*. H^WJCte, ^y^Xffiv'a^HiS 
LBte> TIH(33)^{Cct 0*fi6^n§o 
[0 0 7 4] 
[Sfr3 3] 



LB= 1+L+ (h + C) / { (1/tan 0±)- (1/21* ) } + 2 - (h+2r 



Tt+(h*2y)/ {tan 0 4 -1/(2 • Tt)} 



[0 0 7 5] fctzL, m^6 t tt. tf^XgBSg®^ 

"Wfc S27Ttt. *y^X«->g;^*S(I 
Res)£B«rr£. S28t?tt. ftJELfctfy £X8B->3 Jl/ 
(IRes) Ci^^T* ■;/ i7 Xg^SCNL) SrjfcJgT 

NL=2LB + IRes 



C33: 

-So ftftlftlCtt. #y*X»£ftNLtt. Tf2(34)iSfCj; 

[0 0 7 6] 
[R3 4] 

(34) 



« « k 4 



( 12 ) 



21 
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[0 0 7 8] 
[»C3 5] 



[0 0 7 7] S29Ttt, tfy^XgBfcT y^&{£®(LBt) 

t) tt, TE(35)S£«kO#a&sn£o 

LBt =1+L+ (h + C) / { (1/tan 0 2 )- (l/ZL: ) } 



at-Tt) 
- • (35) 



[0 0 7 9] -Jj, S30Ttt, 'J^y8B5fe«S(Papex) 

R(R 2 )ftft£T3e AfrWfctt, Uy7S8$te*8S(Pape 

Papex =DB-Sp/Ts 

Papex =DB-(l-Sp-r)/T D -Sp/Ts 
[0 0 8 1] tctcL. (36)S:«hf>^-;i/U y?m<D>> 

tcjsjssn, (36') see t;> u^y»o 

(DfttiQlzf— At«ft*rr*»&. &£^teTOgB<h^r 

[-4 



x) teTffi(36)5££fcte(36') scjcko^fe&ns. 

[0 0 8 0] 
[»3 6] 

(36) 

• • • . (36') 



[0 0 8 2] £tz. e>fiB->-;i/«R(Ri)tt, TIB (37) 

[0 0 8 3] 
[»3 7] 



Ri^l.O/tan 



tan 



(l/2Ts) ] 



(37) 



RiSLO/tan [— (tan "Hl/ZTs) -tan (1/2T D >) } ] 



(3r) 



[0 0 8 4] 2 5\Z. e>8Bv-;i/5t«R(R 2 )tt, 

^5t«S(Papex) , K>»'>-;i/¥ff«R(Ri)*J:tKbr 

jfc#R (R, ) KSo%>T# y 2 Xfy-;i/5tffl 
Bapex = Papex +Is 

[0 0 8 6] fcfcU ft-Sflstt, ^— ;PT«Wift«"r« 30 
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